Background: Studying the behavior of living organisms under the action of some physical or chemical factors (corpuscular or electromagnetic radiation, magnetic or electric field, sound waves, salinity, stimulants etc.) is enjoying major interest nowadays. 1,2) The main goal is to understand the mechanisms of action of these factors on biological tissues, and use this knowledge for applications in biology and medicine. A special place in modern medicine is occupied by the therapeutic applications of laser radiation. Aims: In the current study we are attempting to determine whether the therapeutic lasers used in medicine have the potential to produce changes of some morphological and physiological parameters of plants. If these changes actually occur, the next task is to determine whether they are due to laser action on water used for watering by changing its properties, or by the direct action of laser radiation on the plants cells.
Introduction
In the past the study of the influence of monochromatic light on the physiological properties of plants, and especially on photosynthesis, were made by using natural light or artificial filtered light. A major impediment was the different absorptions coefficients, depending on the wavelength. Thus, the leaves absorb in the spectral range 400 nm-700 nm about 80% of the incident light, while the reflection and transmission constitutes only 8%-12%. In the near infrared range (700 nm-
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Dan Georgel Siposan 800 nm) the reflectivity is about 50%, while absorption is below 20%. With all the difficulties related to the lack of stable light sources, capable of providing rigorous control of output parameters (wavelength, light intensity etc.) for the reproduction of experiments, these early studies were able to draw some conclusions on germination and photosynthesis in particular, and certain physiological processes that depend on photosynthesis.
The most important external factors that may influence plant physiology are: light intensity, 3) spectrum of light, 4) injuries, humidity, 5,6) salinity of water, 7) concentration of salts in the soil, 8) temperature, 9) pH, 10) air pressure, partial pressure of oxygen, anesthetics, chemical factors, mechanical factors, infections, chemical composition of the air, water etc. In most cases between these factors mutual conditioning may exist.
It was already established by some researchers that the germination of certain seeds (called photosensitive or photoblastic) is influenced by light, stimulation or inhibition being possible as a function of enlightenment conditions. 11) There are also plants species for which germination does not depend on light conditions. Seeds that are stimulated to germinate by light are described as positively photoblastic; seeds whose germination is inhibited by light are said to be negatively photoblastic. Within some limits of enlightenment the reciprocity law is valid, i.e. germination response depends on light flux. For the positive photoblastic seeds it was found that light in the red spectral range (~660 mm) most efficiently stimulates germination, and the far red (~730 mm) inhibits it. Hendricks and Borthwik, as early as 1952, established that if seeds are exposed successively to two antagonistic regimens, no matters in what order, germination depends on the type of radiation that acts last. For the stimulation of positively photosensitive seeds it is necessary to have a long exposure, or several short exposures separated by periods of darkness. The rhythm of exposures to light varies from one species to another. 12) Hendricks and Borthwik assumed the existence of a photo-reversible pigment in the seedphythochrome -that can exist in two alternative states: P660 which absorbs red light, and P730 which absorbs far red. When seeds are exposed to red light, the pigment is converted from P660 to P730, thus initiating a chain of reactions that leads to seed germination. Exposing the P730 to far red light the transition to the P660 form occurs, which is unable to initiate the germination process. [13] [14] [15] [16] [17] The effect of blue light on germination is a complex one. Depending on the species and the protocol of irradiation, it could be either stimulation or inhibition. In some species, small fluences immediately after the inhibition has a stimulating effect, while high fluences have an inhibitory effect. In general, blue light requires a higher energy level than the red one. Inhibition of germination appears to occur through a different mechanism, because the action spectrum shows two maxima in far red and blue, meanwhile the red light indicates a total lack of stimulation.
According to Draper, photosynthesis in green plants has a maximum intensity for yellow light, while after KA Timiriazev for red light (λ = 650 nm). Other researchers have found a second maximum of photosynthesis intensity for blue light (λ = 450 nm). Obviously, the results found depend on the plant species used. 18) The basic idea of the current study was to see if monochromatic light, in therapeutic doses used in medicine, has an effect on plant morphology (weight or mass, stem height etc.) and plant physiology (germination rate, growth rate of stem etc.). There are many examples in the literature on the study of the effects of light in plant growth experiments, before it is used for curative purposes in humans or animals. Thus, LEDtechnology developed for NASA plant growth experiments in space showed promise for delivering light deep into tissues of the body to promote wound healing, human tissue growth and to develop photodynamic therapy of cancer. The most used wavelengths were 680, 730 and 880 nm. 19) Other researchers aimed to find whether some types of physical agents used in medicine have the potential to influence the physiology of plants. Nagy I.I. et al studied the influence of magnetic fields used in modern recovery medicine on the increase of metabolic rate in germinating plant seeds. 20) They found that pulsed variable magnetic fields, if correctly administered, have a very high stimulating effect on cell multiplication, growing and development of plants. Kogȃlniceanu G. et al. found that moderate electric pulses (50-400 V/cm) led to diminishing of fresh mass and stem length of Nicotiana tabacum with increased field intensity. 21) The authors concluded that the electric treatment modified the permeability of the plasma membrane and the membrane potential, influencing the control and cellular communication, affecting both physiological and growth processes.
A prototype greenhouse unit is now being tested in Arizona with the goal of getting the system ready for a test run aboard the International Space Station. The unit built by Wisconsin-based Orbital Technologies Corp. is designed to be lightweight, energy-efficient and very low maintenance. Light for the plants comes from a combination of red, green and blue LEDs. The LEDs only emit wavelengths of light that are used by the plants, primarily blue light for plant structure and orientation in microgravity, and red light for photosynthesis. 22) In experiments with plants one can provide a very good statistic. One can also use a large number of different species types (plants of light or shade, acid or neutral soil, dry or tropical climate etc.). Lately there have been many studies on the influence of different physical and chemical factors on plants, in order to improve performance (biomass production -grains, tubers), as required.
Animals and plants, although different in appearance, have a surprising number of morphological and physiological similarities, the differences being mainly quantitative. On the other hand there are differences, among which is the synthesis capacity of plants, their ability to make energy reserves inside the organic molecules that they synthesize, oxygen production etc. There are also major differences between the cell membrane of a plant (such as cellulose) and an animal (such as protein and much thinner than in plants). The cell nuclei are different in layout and composition -the plant nucleus has chlorophyll.
The objectives of the current research are to determine the following: -If the laser or other sources of optical radiation used in medicine have the potential to influence some morphological and physiological parameters of plants; -If certain effects are produced by light, to determine whether these effects are due to changes caused by radiation on the properties of water used for watering, or by direct action of light on plant cells. The ultimate goal of this study, and future studies, is to contribute to the understanding of the subtle mechanisms of action of monochromatic light on cells, whether plant or animal.
Materials and methods
We used as the source of irradiation a LED (light emitting diode, λ1 = 455 nm, P1 = 60 mW) and two laser diodes (λ2 = 660 nm, P2 = 30 mW; λ3 = 850 nm, P3 = 50 mW). We used as samples wheat seeds. The seeds were rinsed in de-mineralized water before sowing (2 S maximum conductivity). Sowing was done in Petri dishes, which were put equal amounts of cotton. The sowing was initially tried in soil, but the germination percentage and growth rate was particularly low, which is why I gave up the soil. The sessions of irradiation were made under shade. The power density was the same for all the samples, with a value of 50 mW/cm 2 . There have been eight sessions of irradiation starting from the day of sowing (05 August). Irradiations were carried out in days 6 th , 7 th , 9 th , 10 th , 12 th , 14 th and 18 th of August, and then the plants were allowed to dry until 26 th of September.
In the experimental group where firstly was irradiated only the seed, starting from the germination day there was also irradiated the adjacent stem. We used seeds from a batch with the germination rate of 90%, a rate that had been determined before the experiment, on a number of 120 seeds. Energy density incident on samples ranged between 0 J/cm 2 (control samples) and 4.0 J/cm 2 (irradiated samples). We irradiated a total of 132 samples, divided in four groups: three groups of 40 samples for each of the three wavelengths (of which 20 only the plant was irradiated, and of the other 20 only the irrigation water was irradiated); a control group consisting of two samples every 20 irradiated samples, a total of 12 control samples. Irradiations were performed at the same point time of the night, in darkness. Plants were grown in greenhouse conditions. The temperature during the experiment was between 30°C and 35°C. All samples received the same experimental conditions, except fluence and wavelength. Plants were followed for an additional one month after the last irradiation session. Samples were soaked with 3 ml of water per day on average.
Results
We determined the parameters listed in tables below for different fluences (irradiation times ranged between 1s and 80s). In addition, the effects observed for the three wavelengths used were compared, and the samples in which only plant was irradiated were compared to those in which only water was irradiated. 
Mean percentage of germination Only plant was irradiated Only water was irradiated
b) The average growth rate depending on the wavelength. Table 3 shows the average growth rates obtained by the arithmetic average growth rates for all samples from the first day of germination until August 28 th .
c) The mean length of all twin stems, measured on September 26 th when the plants were pulled out from the Petri dishes for final measurements, is shown in Table 4 . The average length of all the twins for various wavelengths can be seen. Also, length of all twin stems was calculated separately for samples where only water was irradiated and samples in which only the plant was irradiated.
In fig. 1 we have plotted the final length of all twin stems as a function of the fluence, measured one month after the last session of irradiation (on 26.09, table 1) for samples where only plants were irradiated. Here we can observe maxima for the fluences of 0.5 J/cm 2 in red and blue, for 1.5 J/cm 2 in red, as well as the highest maximum for IR at 3 J/cm 2 .
For samples where only water was irradiated it is observed, in fig. 2 , several peaks at 0.5 J/cm 2 , 1.5 J/cm 2 and 2.5 J/cm 2 in red, 0.57 J/cm 2 and 3 J/cm 2 in 1 ). Only plants were irradiated blue, and 0.5 J/cm 2 and 2.0 J/cm 2 in IR.
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In fig. 3 we can compare, for each wavelength, the effects produced by irradiation of the plant, respectively of water on the parameter final mass of the stems, in function of fluence.
In order to compare the effect of irradiation of plant and the effect of irradiation of water, for all wavelengths used, we have also investigated: -Growth rate of stem a day from sprouting; -Growth rate of the stem after the first day of sprouting till August 22 nd . Plotting the final length of the main stem, measured on August 22 nd , as a function of fluence, it can be observed on the red two maxima at the fluences of 0.5 J/cm 2 and 1.5 J/cm 2 in the case of plant irradiation, as well as in the case of water irradiation, the last ones being smaller. For blue it can be observed that there is a very high maximum for the fluence of 0.5 J/cm 2 , but in the case of plant irradiation only. For IR a maximum at the fluence of 0.5 J/cm 2 occurs in the case of plant irradiation, and another two maxima for 1.5 J/cm 2 and 3.5 J/cm 2 in the case of water irradiation. Irradiating either the plant or the water, one can observe antagonistic effects.
Plotting the final mass (on Sept 26 th ) of the stems as a function of the fluence (Table 1) it can be observed two maxima at the fluences of 0.5 J/cm 2 and 1.5 J/cm 2 in the case of plant irradiation, as well as in the case of water irradiation, where the peaks are smaller. For blue it can be observed very high maxima for the fluences of 0.5 J/cm 2 and 1.5 J/cm 2 in the case of plant irradiation. In the case of water irradiation two smaller maxima for the fluences of 0.5 J/cm 2 and 3 J/cm 2 may be observed. For IR a maximum at the fluence of 0.5 J/cm 2 occurs in the case of plant irradiation, and another two maxima for 1.5 J/cm 2 and 3 J/cm 2 in the case of water irradiation. Irradiating the plant and the water, one can observe antagonist effects for IR irradiation.
Studying the correlation between the percentage decrease in initial seed mass and final mass of the stem (Sept 26 th ) we observe that it is significant only in the first two days after sowing (perhaps only as long as is necessary for photosynthesis to occur).
Similarly, plotting the final mass of the stem (ms) as a function of initial mass of seed (mi) from Table 1 , there is a spreading of data large enough to confirm the absence of correlations between ms and mi.
Discussion
Regarding the relationship between twins and the main stem, we noticed that most twins (four in number) occurred in the case of red irradiation for 5 samples (3 samples with only irradiation of plant, and two with only irradiation of water). Surprisingly, for blue light four brothers appeared only in three samples with irradiation of water. The control samples did not show any evidence of 4 or 3 twins. In conclusion, in terms of number of twins, red radiation proves most beneficial and control samples least beneficial.
Analyzing the data in Table 2 we see that the highest percentage of germination after three days from sowing posses plants irradiated with red light (660 nm). Samples irradiated with blue or IR radiation do not show marked differences as compared to control samples. It can be concluded that red light exerts a stimulating effect on seed germination of wheat. We can see also that for samples in which only water was irradiated results were much weaker than those in which plant was irradiated and the control samples.
From Table 3 we see that blue light exerts a marked influence on the growth rate of stems, the effect being of stimulation. To a lesser extent this is noticed in the case of the red light as well. We note again that the irradiation of irrigation water leads to weaker effects than the irradiation of plant, and also than control samples. This last fact can be explained by the hypothesis of G. Brill, according to whom under the action of laser radiation clusters formed by water molecule could be created, which would obstruct the transport of water by woody capillary (by which water with salts flows from the bottom up, overcoming gravity). Brill has shown that condensed phase water is an associative mixture of hexagonal fragments (H2O)6 and simple molecules of water (H2O). Hexagonal rings may form, depending on the circum- table 1 ).
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stances, clusters of different sizes. The concentration and dimensions of clusters defines the structural state of aqueous matrix. It is obvious that if following the action of some physical factors (temperature, dissolved substances, external physical fields) structural condition of the water changes, then the properties of substances dissolved in water may change. This may explain, at least partially, the effects of physical factors mentioned, in vitro and in vivo, on living organisms (light therapy in certain diseases and pathological conditions, the effect of monochromatic radiation on plants). It was also experimentally established that low power laser irradiation of various body fluids leads to reorganization of their structure. The role of primary acceptor having weak absorption in these systems can be played by molecular oxygen, always present in the cytoplasm of cells in all body fluids and distilled water. 23. 24) Analyzing the data in Table 4 , we observe that the strongest effect (stimulation) on the mean length of all twin stems exerts red light. Moreover, for all three wavelengths used, a stimulatory effect was observed, the values being much higher than in controls. However, this parameter has not a high importance on plant growth. More important is the number of twinning, and whether they come before the harvest at the same stage of development with the main plant (elder brother). Even for samples in which water was irradiated only, the parameter mean length of all twin stems has higher values than control, at all wavelengths.
In fig. 1 and fig. 2 we can observe an effect of modulation on parameter studied, as a function of fluence, given the wavelength, in two situations: when the plant was irradiated only, or when water was irradiated only.
The shift of maxima and minima in fig. 3 , observed at low fluences, can be explained by the fact that during irradiation of plant both pigments (responsible for photosynthesis or morphogenesis) and water from inside the plant is irradiated simultaneously. Summing the two effects may explain the position as opposed in the phase of maxima and minima for the two curves. At higher fluences the two curves tend to overlap, indicating that the effect of plant irradiation decreases with increasing fluence. The form of the two curves in the two cases (only plant was irradiated and only water was irradiated) is typical for other parameters measured in this study. If we take into account that water is for plants the essential element for the process of photosynthesis and feeding, unlike in animal, may explain why sometimes water irradiation effect intensifies with the increase of fluence.
In all samples where water was only irradiated it was observed that there was a slower absorption of water than in others. Thus irradiation of irrigation water could bring benefits in terms of a lack of irrigation water, but only for short periods. Otherwise the problem is keeping the plant alive, but with the loss of production. It may thus appear "physiological drought". Usually it is necessary that water continuously runs through the body of plant. Water lost through transpiration is replaced by water that comes loaded with minerals from the soil. Plants have their own mechanisms for storage of water by closing stomata.
For most of the parameters studied, the maxima in the case of water irradiation are lower than in the case of plant irradiation. This can be explained by the possibility of formation of water molecule clusters, which would break the water to climb upward through the capillaries. The blue light also has a stimulating effect on parameters related to photosynthesis, sometimes more powerful than red, but if the plant only was irradiated, for the fluence of 0.5 J/cm 2 . The fact that infrared light shows a stimulating effect on photosynthesis for the fluence of 0.5 J/cm 2 in the case of plant irradiation, and a minimum in the case of water irradiation, supports the hypothesis of formation of water molecules associations (fig. 2) .
The final mass of the stems (measured on September 26 th ) depending on fluence is also influenced to a large extent by photosynthesis. Thus, stimulating or inhibiting the process of growing for the same fluences as in the other parameters that depend on photosynthesis confirms the stimulatory effect of red, blue or IR radiation for the fluences previously mentioned. Plotting the final mass of the stems as a function of fluence one can see two maxima for fluences of 0.5 J/cm 2 or 1.5 J/cm 2 , when either plant or water was irradiated with red. For blue irradiation one can notice two high maxima at fluences of 2 J/cm 2 and 0.5 J/cm 2 for plant irradiation, and two lower maxima for 0.5 J/cm 2 and 3 J/cm 2 in the case of water irradiation. For IR irradiation one can see a maximum at fluence of 0.5 J/cm 2 in the case of plant irradiation, and two maxima of 1.5 J/cm 2 and 3 J/cm 2 in case of water irradiation. In this case, irradiating only the plant or only the water antagonistic effects are observed (similar to figure 3) .
We were not able to find a correlation between the decrease of initial seed mass and the mass of green seedlings, as seedling were fed during the first days from cotyledon, and then by photosynthesis. available at www.jstage.jst.go.jp/browse/islsm
Conclusion
In terms of interaction with light, the relationship between the study of plants and animals is based also on the fact that the reaction mechanisms for both photosynthesis (in which organic substances are produced by plants), and biostimulation or PDT (in animals) are of photochemical nature. 25) The essential factor for the process of photosynthesis is chlorophyll, which has four types: A, B, caroten and xanthophylls. Thus we conclude that the effect of irradiation on photosynthesis in wheat is modulated depending on the fluence, showing a maximum for red and blue at a fluence of 0.5 J/cm 2 , and a second maximum at 1.5 J/cm 2 for red. The effects are stronger when the plant is only irradiated than in the case when water is irradiated. One can suppose that the observed stimulatory effects of red or blue radiation on photosynthesis is due to the fact that at least one of the four forms of chlorophyll shows maximum absorption at wavelengths of 455 nm and 660 nm.
For lack of a correlation between the initial mass of seeds and final mass of stems, referred to in the "Results" paragraph, we can conclude that the different values of stem mass mf is mainly due to external factors -the experimental conditions of growth, in which the essential element is the photosynthesis. The fluence, wavelength and the fact whether plant or water was irradiated also play an important role. To draw a final conclusion we must consider, for the following experiment, the use of seeds with equal weights for each experimental group.
The effect of monochromatic radiation on plants depends on the wavelength, fluence, the dose of irradiation and irradiation procedure (irradiation of plant or of irrigation water). In general, there are two maxima for stimulation of studied parameters, at fluences of 0.5 J/cm 2 and 1.5 J/cm 2 -more pronounced for red and blue. The effect is dose-dependent (modulation), since minima can also occur at different fluences, which mean an inhibitory effect. Most powerful stimulatory effects were observed in red light, then in blue.
The samples where only water was irradiated obtained poor scores in the stimulation of plant growth than those at which only plant was irradiated, as is explained in Discussion chapter. Water absorbs the red and visible light spectrum. At high doses, or in the absence or failure of specific receptors in the body, water can become the main absorber of light energy of the visible spectrum. In this case the thermal effect increases, while the weight and specificity of laser irradiation action is lost, so the development direction of metabolic processes may change. 26) Large fluences generally produce an inhibitory effect on all parameters studied; rather it is the use of repeated small doses that is recommended.
Faster growth of plants by the action of monochromatic light would be equivalent to shortening their life cycle in order to reach a stage of development equivalent to that of normally grown plants. If it turns out that the action of monochromatic light does not produce genetic changes, then the environmental impact is obvious. Thus, to obtain an equal amount of biomass unit, it would consume a larger amount of CO2, which would produce a greater amount of O2 in a much shorter time than for normal growth (without the action of monochromatic light).
Obviously, photosynthesis requires more than water absorption by the plant, namely: Photosynthesis = H2O + CO2 + light + plant + minerals + organic matter + O2 + chemical energy. Thus, it can be assumed that the stimulatory effect of red, blue and IR radiation, for the fluences mentioned, may be due to the action on other factors implied in photosynthesis, which is what we propose to explore in the future. To better highlight the structural condition of the treated water with physical-chemical factors, besides the study of morphological and physiological functions of plants, in the next studies we intend using three additional methods: -monitoring the rate of water evaporation; -studying the shape of ice crystals formed in the process of freezing, and -terahertz spectroscopy.
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[Editor's Note]
Although the effects of light on plants are not 'new', some of the research activities described by Dr. Siposan in this article are original, and to the best knowledge of the author, have never been duplicated: I therefore believe they count as original research. The effect of visible light in water is controversial, but as Dr. Siposan has backed up his assertions with references from the literature, his arguments are valid and of course if a reader disagrees with these and indeed any findings in other papers, discussion is invited in the form of a Letter to the Editor. Finally, the remit of the journal covers all aspects of photobioactivation, not limited to human or animal cellular targets. For these reasons, I thought that this paper merited publication. T.O.
